Background: This study examined the risk of cancer in patients with Hashimoto's thyroiditis (HT).
Hashimoto's thyroiditis (HT) (or chronic lymphocytic thyroiditis) is an autoimmune disease that causes the immune system to attack and destroy the thyroid gland (Dayan and Daniels, 1996) . The resulting inflammation often leads to an underactive thyroid gland (hypothyroidism). The disease affects between 0.1% and 5% of all adults in Western countries. It occurs more frequently in women than in men (between 10 : 1 and 20 : 1), and is most prevalent between 45 and 65 years of age (Kumar, 2010) .
A number of studies have examined the possible association of HT with subsequent types of cancer. Hashimoto's thyroiditis has been associated with thyroid carcinoma (Dailey et al, 1955; Repplinger et al, 2008; Ahn et al, 2011) . Patients with HT had an increased risk of myeloproliferative and lymphoproliferative neoplasms (Holm et al, 1985) . Hashimoto's thyroiditis has also been associated with malignant lymphoma of the thyroid (Holm et al, 1985; Hyjek and Isaacson, 1988; Motoi and Ozawa, 2005) . In addition, patients with HT were at higher risk for breast cancer than those in the control group (Ito and Maruchi, 1975; Muller et al, 2011) . A doubled risk of lung cancer with HT was also reported (Yamashita et al, 1979) . However, a number of studies did not observe such an association with thyroid cancer (Anil et al, 2010) , breast cancer (Holm et al, 1985; Maruchi et al, 1976) , and lung cancer (Holm et al, 1985) .
Subsequent types of cancer may be caused by the autoimmunity of TH (Holm et al, 1985) . Cancer may occur because of chronic inflammation (Nose et al, 2002; Larson et al, 2007) . However, the pathogenetic mechanism of the interaction between HT and cancer remains unclear. Because of the increasing incidence of HT, the health consequences of these patients are crucial (Macksood et al, 1961; Furszyfera et al, 1972) . Epidemiologic data on the association between HT and cancer provide useful information for primary prevention and etiology research. We conducted a nationwide study to evaluate the cancer risk in Chinese patients with HT.
MATERIALS AND METHODS
Data sources. This study used claims data from the Taiwan National Health Insurance Program established by the Bureau of National Health Insurance of the Department of Health in March 1995. The insurance program provides health care to 99% of the total population (23.74 million people) and is contracted to 97% of the hospitals and clinics in Taiwan (Cheng, 2009) . The National Health Research Institutes Dataset (NHRID) was established in January 1996; the data set established a random sample with a representative population of 1 000 000 people (approximately 5% of the entire insured population) based on the 2000 reimbursement data for public access. The National Health Research Institute (NHRI) reported no statistically significant differences in the distribution of sex, age, or health care expenditures between the subset of the NHIRD and all enrollees. The NHRID included information on the registry of medical services, prescribed medications, inpatient orders, ambulatory care, and the registration file with scrambled identification. Available sociodemographic information on the study participants included sex, birth date, occupation, income levels, and residential area. This cohort study was approved by the Ethics Review Board of China Medical University (CMU-REC-101-012).
Study participants. All diagnosis codes were classified according to the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM). Newly diagnosed HT patients (ICD-9-CM codes 245.2) from 1998-2010 were recruited as the study cohort. The date of HT diagnosis was defined as the index date. We excluded patients with a history of malignant cancer (ICD-9-CM codes 140-208) diagnosed before the index date. The non-HT cohort consisted of randomly selected people (age, sex, and month of HT diagnosis) insured from 1998-2010 without a history of HT and/or malignant cancer. The case-to-control ratio was 1 : 4. A total of 1521 HT cases and 6084 references were used in this study.
Criteria and definition. The confirmation of malignant cancer events was based on the registry of Catastrophic Illness Patient Database (CIPD). Accurate codes were used for all diagnoses of cancer by doctors and officials of the National Health Insurance. Each patient was examined from the index date for the occurrence of cancer, death, withdrawal from the insurance, or until the end of 2010. Patients with baseline comorbidity, including diabetes (ICD-9-CM codes 250), hyperlipidemia (ICD-9-CM codes 272), hypertension (ICD-9-CM codes 401-405), and heart disease (HD) (ICD-9-CM codes 410-414, 425-429) were also identified.
Data analysis. Data analysis was used to compare distributions of gender, age, and comorbidity between the HT cohort and the non-HT cohort, which were tested using the w 2 -test. The mean age between both cohorts was compared and tested using t-test. We calculated the sex-specific, age-specific, and comorbidity-specific incidence density rates of cancer using person-years in each cohort. The HT cohort to non-HT cohort incidence rate ratio (IRR) of cancer was estimated using Poisson regression. The Cox proportional hazard regression model was used to assess the risk of developing cancer associated with HT. The hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated using the Cox model, which controlled for sociodemographic factors. The Kaplan-Meier method was used to compare the probability of cancer-free events and survival between both cohorts and the log-rank test was used to examine the differences. All statistical analyses were performed using SAS 9.2 (SAS Institute, Cary, NC, USA), and the Kaplan-Meier survival curve was plotted using R software (R Foundation for Statistical Computing, Vienna, Austria). All statistical tests were performed at the two-tailed significance level of 0.05. Table 1 shows the basal characteristic results. Most patients were female (90.0%) andp55 years of age (84.1%). Patients in the study cohort were more likely to have diabetes (9.66% vs 6.79%), hypertension (15.5% vs 14.2%), hyperlipidemia (15.7% vs 10.7%), and heart disease (17.6% vs 10.9%).
RESULTS
Compared with the non-HT cohort, participants with HT were 1.68 times more likely to develop cancer (a rate of 5.07 vs 3.03 per 1000 person-years), with adjusted HRs of 1.68 (95% CIs ¼ 1.18-2.38) ( Table 2 ). In both cohorts, men had a greater incidence rate of HT than women; however, women had a greater IRR than men (IRR ¼ 1.79, 95% CIs ¼ 1.52-2.10 vs IRR ¼ 1.14 with 95% CIs ¼ 0.69-1.89). The adjusted HRs were significantly higher in men than women (HRs ¼ 1.67, 95% CIs ¼ 1.06-2.60). The agespecific incidence rate of cancer shows that the incidence rate increased with age in both cohorts, and the IRR of cancer was highest in the group agedp35 years (IRR ¼ 3.95, 95% CIs ¼ 3.09-5.04). However, the adjusted HRs were 9.66 (95% CIs ¼ 5.15-18.1) for the older group (455 years) compared with participants ofp35 years of age. The comorbidity-specific analysis showed that the incidence rate of cancer was consistently higher with these comorbidities in both cohorts. Table 3 shows the specific analyses on sub division cancer between the HT and non-HT cohorts. Compared with the non-HT cohort, the adjusted HRs of developing colorectal cancer and thyroid cancer were 4.76-fold and 11.8-fold higher for patients with HT (95% CI ¼ 1.36-16.6 and 4.24-33.1, respectively), which was statistically significant. Figures 1A and B show that the HT cohort had a significantly higher cumulative proportion of colorectal cancer (P ¼ 0.02) ( Figure 1A ) and thyroid cancer (Po0.0001) compared with the non-HT cohort.
Within 3 years after HT diagnosis, the incidence rate of thyroid cancer was higher in the HT cohort than the non-HT cohort (30.6 vs 0.63 per 1000 person-years) (Table 4) . Specifically, the HT cohort had a 49.4-fold risk of developing thyroid cancer in the first 3 years compared with the non-HT cohort (95% CI ¼ 6.39-382.4). The incidence rate of colorectal cancer was higher in the HT cohort than the non-HT cohort (8.09 vs 1.51 per 1000 person-years) after 3 years. The HT cohort had a 5.61-fold risk of developing colorectal cancer after 3 years compared with the non-HT cohort (95% CI ¼ 1.26-25.1).
DISCUSSION
This study used a comprehensive national database to investigate the incidence of cancer in a group of 1521 HT patients. A 1-to-4 comparison was conducted for 6084 controls, which were randomly frequency-matched for age, sex, and index year, with adjustments for baseline comorbidities that may cause a predisposition to cancer, including diabetes mellitus, hypertension, hyperlipidemia, and heart disease. Hashimoto's thyroiditis patients were more likely to be diagnosed with thyroid and colorectal cancer, with an aHR of 11.8 and 4.76, respectively. Knowing the cancer risk is valuable in the prevention and care of HT patients. In addition, this study showed that older subjects in the HT cohort had a higher risk of developing cancer compared with the younger ones. It is important to note that the aHR of thyroid cancer is much higher in HT patents in the early 3 years of follow-up, while higher colorectal cancer risk appears later. The increased thyroid cancer risk appears in early years since HT have been diagnosed may be due to the coincident findings of thyroid cancer with HT. This reflects the result of early thyroid cancer diagnosis from hard investigation when diagnosis and treatment for HT are undergoing.
Patients with HT had a statistically significant higher incidence density ratio of colorectal, breast, uterus, prostate, kidney, thyroid, and haematologic cancer compared with the comparison cohort (IRR ¼ 4.02, 1.78, 2.01, 2.01, 2.68, 11.3, and 8.05, respectively). The incidence density ratio of thyroid lymphoma (1.01) was not statistically significant. Some report revealed the malignancy most strongly associated with HT (Holm et al, 1985; Hyjek and Isaacson, 1988 ; Adjusted HR: multivariable analysis including sex, age, and comorbidities of diabetes, hypertension, hyperlipidemia, heart disease. Motoi and Ozawa, 2005) . Our data show thyroid lymphoma rates are not increased, probably because it is very rare. After adjusting for sex, age, and comorbidities, the aHRs for developing thyroid and colorectal cancer had statistical significance. In addition, the aHRs of HT patients with hypothyroid (234) for developing cancer did not have statistical significance (HRs ¼ 1.32, 95% CIs ¼ 0.67-2.59).
The coexistence of HT and thyroid carcinoma has a frequency from o1%-23% (Cheng, 2009) . A link between thyroid cancer (in particular, the PTC histotype) and autoimmune thyroid diseases has long been recognized, although the precise relationship between the two diseases remains unclear. Hashimoto's thyroiditis is an autoimmune disorder in which the immune system reacts against a variety of thyroid antigens. An epidemiological association has been identified between HT and thyroid cancer (Segal et al, 1985; Ott et al, 1987; Eisenberg and Hensley, 1989 Adjusted HR: multivariable analysis including sex, age, and comorbidities of diabetes, hypertension, hyperlipidemia, heart disease. is complex and remains unclear. Epidemiological and histological data indicate that thyroid cancer frequently occurs in the context of HT, which is one of the most common autoimmune thyroid diseases, and that thyroid cancer is frequently infiltrated by inflammatory-immune cells (Guarino et al, 2010) . The increased incidence of carcinomas in patients with HT suggests that thyroiditis may be a precancerous condition. Inflammation is a physiological protective process used by organisms in response to tissue damage. Inflammation is an autolimiting process; however, abnormal persistence of the stimuli that induce the inflammatory response or failure of the mechanisms that terminate it result in chronic inflammation (Coussens and Werb, 2002) . A functional relationship between chronic inflammation and cancer has been supported by clinical and epidemiological evidence. Patients with HT were three times more likely to have thyroid cancer, suggesting a strong link between chronic inflammation and cancer development (Larson et al, 2007) . The most compelling evidence is the association between intestinal chronic inflammatory diseases (Crohn's disease and ulcerative rectocolitis) and adenocarcinoma of the colon (Balkwill and Mantovani, 2001; Guarino et al, 2010) . A prior study showed that cyclooxygenase-2 (COX-2) expression is localized primarily in the mononuclear inflammatory cells, and was elevated in HT patients. Furthermore, follicular adenomas and papillary and follicular carcinomas exhibited strong COX-2 expression, indicating consistent upregulation in thyroid tumorigenesis, which was also observed for other organs, such as the colorectum (Eberhart et al, 1994; Sano et al, 1995) . Because COX-2 expression was observed in follicular adenomas and papillary and follicular carcinomas, the enzyme may be involved in early processes of thyroid tumorigenesis, similar to cases with colorectal adenomas and carcinomas (Nose et al, 2002) . The link between inflammation and cancer has been effectively established; however, the pathophysiology mechanism between HT and cancer requires further examination.
This study had a few limitations. First, we have evaluated a limited number of comorbidities for the cancer risk associations. These are most common comorbidities, but no significance associated with overall cancer appears in the data analysis. It is likely that comorbidities of less prevalence might not have significant association with the thyroid cancer and colorectal cancer as well. Second, the NHIRD does not provide detailed patient information, such as smoking habits, alcohol consumption, body mass index (BMI), physical activity, socioeconomic status, and family history of cancer. However, these covariates may have a less important role in this study because of strong relationship between HT and risk of thyroid cancer. Third, results derived from a cohort study are generally of lower methodological quality than those derived from randomized trials, because a cohort study design is subject to bias related to adjustments for confounders. Despite our meticulous study design, including adequate control of confounding factors, bias may remain because of possible unmeasured or unknown confounders. Fourth, the diagnoses recorded in NHI claims are used primarily for administrative billing; therefore, they are not subject to verification for scientific purposes. We were unable to contact the patients directly to obtain additional information because of the anonymity ensured by the identification numbers. In addition, our analyses excluded cancer patients prior to this study. This omission may have resulted in an underestimation of HT patients, and may have weakened the observed association. However, the obtained data on HT therapy and cancer diagnoses were highly reliable. Finally, we agree that the incidence of individual cancers is of low meaning because of small number of events. Hashimoto's thyroiditis is a rare disease with an incidence of approximately 1.4 per 10 000 in the general population in this study. However, the important part of this study is that patients with HT are at very high risk of thyroid cancer and also at an elevated risk of colorectal cancer. The association between HT and colorectal cancer has not been established previously. Our cohort study proved previous studies of small sample sizes for thyroid cancer. In other words, this study suggests that clinicians should pay higher attention to the risk of these two cancers.
This study provides valuable information. This is the first largescale nationwide cohort study of cancer and HT conducted in an Asian population. Patients with HT, particularly older patients, are at higher risk of developing thyroid and colorectal cancer compared with the general population. In addition, HT patients have an increased relative risk of developing thyroid and colorectal cancer within 3 years and after 3 years, respectively. Clinicians managing HT patients, especially older patients, must be aware of the possible increased risk of thyroid and colorectal cancer within 3 years and after 3 years, respectively. Therefore, strategies to facilitate the prevention of thyroid and colorectal cancer are recommended for these patients. This work is published under the standard license to publish agreement. After 12 months the work will become freely available and the license terms will switch to a Creative Commons AttributionNonCommercial-Share Alike 3.0 Unported License.
